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I .  Problem  Statement 


This  research  investigated  the  composition,  structure  and  electrical 
properties  of  thermal  and  anodic  oxides  of  the  III-V  compounds.  The  composi 
tion  of  the  oxides  was  determined  by  XPS  profiling  the  grown  oxides. 

Models  for  the  structure  of  the  oxides  were  obtained  from  cur rent- vo 1 ta ge , 
X-ray  diffraction  and  XPS  data. 


II.  Summary  of  Results 

A.  Anodic  Oxides.  The  anodic  oxides  of  GaAs,  InP  and  InAs  were 
investigated.  The  compositional  profiles  of  the  InP  anodic  oxides  were 
found  to  be  highly  dependent  on  growth  conditions  where  as  the  anodic 
oxides  of  InAs  and  GaAs  were  not.  Similarly  it  was  found  that  the  insula¬ 
ting  properties  of  the  InP  anodic  oxides  changed  dramatically  with  growth 
condition  while  those  of  InAs  and  GaAs  did  not.  For  the  InP  oxides.  Fig.  1 
illustrates  the  large  change  in  oxide  resistivity  with  composition. 


AVERAGE  MNER 


Fig.  1.  InP  anodic  oxide  resis¬ 
tivity  at  a  field  of  5  x  104  V/cm 
as  a  function  of  the  average 

P2°5^In2°3  ratio  the  inner 
oxide  layer. 
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These  observations  led  to  the  conclusion  that  the  InP  anodic  oxide 
is  phase  separated  into  islands  of  1^0^  aa<*  P2°5  wittl  t*ie  electrical 
conduction  determined  by  electron  tunneling  or  hopping  between  the 
islands.  The  anodic  oxides  of  InAs  and  GaA s,  on  the  other  hand,  do  not 
appear  to  be  phase  separated  and  are  more  or  less  homogeneous.  The  island 
structure  of  InP  anodic  oxides  seems  to  allow  preferential  dissolution  of 
one  or  the  other  oxide  species  while  the  anodic  oxides  of  InAs  and  GaAs 
tend  not  to  dissolve  selectively. 

The  insulating  properties  of  the  GaAs  anodic  oxides  are  approximately 
independent  of  growth  conditions  and  the  Ga20^/As20^  ratios  are  approxi¬ 
mately  equal  to  one  for  all  cases.  The  InAs  anodic  oxides  have  similar 
characteristics  but  growth  In  basic  solutions  decreases  the  oxide 
resistivity.  Table  I  summarizes  the  insulating  properties  of  the  anodic  oxides. 

Table  I.  Insulating  Properties  of  the  Anodic  Oxides 
III-V  Compound  P,  ohnr-cm  Breakdown  field,  V/ctn 


InP 

1010- 

1015 

105- 

3  x  106 

InAs 

1013- 

1015 

106- 

3.7  x  106 

GaAs 

1015- 

1016 

? 

The  initial  growth  of  the  anodic  oxides  of  GaAs  and  InP  were  also  in¬ 
vestigated.  It  was  found  that  initial  growth  has  a  nucleatlon  and  island 
stage  and  that  the  oxide  island  of  GaAs  are  different  from  those  of 
InP.  Photomicrograph  of  the  GaAs  anodic  oxide  islands  are  illustrated 
in  Pig.  2. 


Fig.  2.  Transmission  electron  micrographs  of  the  nuclei  and  islands  of 
anodic  oxide  on  GaAs  (Makky  and  Wilmsen) . 
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From  these  and  other  photomicrographs  It  was  determined  that: 

1.  Nucleation  is  a  continuous  process 

2.  The  island  area  and  the  island  height  are  directly  proportional 

2 

up  to  an  island  area  of  =0.1  u 
2 

3.  Above  0.1  u  the  island  height  is  independent  of  area 

4.  Coalesence  occurs,  probably  by  an  increased  growth  rate  in  the 
neck  regions  and  not  by  surface  diffusion. 

B.  Thermal  Oxides.  The  thermal  oxides  of  InP ,  InAs  and  GaSb  were 
investigated.  Table  II  summarizes  the  results.  The  electrical  Con¬ 
duction  of  all  these  oxides  was  high. 
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Table  II.  Composition  and  Crystallinity  of  the  Thermal  Oxides 
of  InP,  InAs  and  GaSb 


III-V  Compound 

Growth  Temp. 

Composition 

Crystallinity 

InP 

350-600°C 

Ino0o  and  InPO. 

2  3  4 

In  a  ratio  of  -4:1 

with  elemental  P  at 

the  interface 

Non  crystalline 

600- 700 °C 

Primarily  InPO^ 

with  no  elemental 

P  at  the  inter¬ 
face 

Crystalline 

InAs 

350°C 

ln203  and  As^ 

in  2  equal  pro¬ 
portions 

Non  crystalline 

425-450°C 

ln203  and  As^ 

in  a  ratio  3  to  1 
with  elemental  As 
at  the  Interface 

Non  crystalline 

4 75-500° C 

^n2^3^^s2^3  *  ^ 
with  elemental 

In  and  As 

Crystalline 

GaSb 

300-500°C 

Ga2C>3  and 

sb2o3 

Non  crystalline 
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